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Spin mixing conductance of the iridate/manganite interface
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The results of studies of ferromagnetic resonance (FMR) of iridate/manganite epitaxial heterostructures in a wide
range of microwave frequencies (1—20GHz) are presented. The magnitudes of imaginary and real parts of the
spin mixing conductance of the heterostructure boundary determining the spin current were determined from the
frequency dependence of the spin damping and changes in the resonance field of the FMR. It is shown that the
value of the imaginary part of spin conductance is comparable to the real part, which may be caused by strong
spin—orbit interaction occurring in 5d—oxides of transition metals (iridate).
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Using in microelectronics spins instead of electron
charges makes it possible to solve the problem of heat re-
lease from submicron elements since the spin transfer does
not induce energy dissipation. However, the spin current
detection and generation require such an approach to the
problem of the spin torque transport and detection which
is different from that in the case of charge transport. Most
promising is the approach in which the pure (free of charge
transport) spin current is generated due to ferromagnetic
resonance in the ferromagnetic of the ferromagnetic/normal
(nonmagnetic) metal structure, while the detection becomes
possible due to the spin current conversion into the charge
current under the inverse Hall spin effect in a metal with
strong spin—orbit interaction [1-8].

Excitation of ferromagnetic resonance (FMR) induces
in a ferromagnetic film the cross—boundary spin current.
In experiments, this spin current is typically detected
via the electric voltage arising due to the inverse Hall
spin effect. Density of the spin current through the
heterostructure interface is determined by the real (Reg'!)
and imaginary (Img'!) components of the interface spin
mixing conductance, which induce an increase in the
spin damping and shift of the FMR resonance frequency,
respectively [3,6-8]. The Img'! component in diffusion and
ballistic contacts is typically neglected [3,7]). Accounting for
the spin mixing conductance imaginary part was performed
for a double—layer Py/Pt structure in [9]. The shift of
the FMR resonance frequency was observed in the Pt/YIG
heterostructures and was explained by the ferromagnetic
ordering of Pt atoms near the Pt/YIG interface [10].
Both components of the spin mixing conductance were
experimentally determined in [11] for structure Pt/Finemet
(Fegs.sCuNb3Siy3 5BsAly) by using the ferromagnetic reso-
nance dependence on frequency. It was shown experimen-
tally that the imaginary part of the interface spin mixing
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conductance is defined by the interface electronic structure
associated with its resistance, and also by the spin diffusion
magnitude [11].

This paper presents the results on experimental de-
termination of the real and imaginary parts of the in-
terface spin mixing conductance of the iridate/manganite
(SrIrO3/Lag 7Srg.3MnO3) heterostructure grown epitaxially
in situ on the neodymium gallate (110) NdGaOs sub-
strate. Contrary to the known case of Pt/YIG, in our
case we succeeded in realizing an epitaxial interface with
reproducible parameters and high spin mixing conductance.
Strong spin—orbit interaction in iridate promotes efficient
conversion of the spin current to the charge current, which
makes easier experimental observation of the spin current
generation and detection.

Nanometer epitaxial films of iridate SrlrO3 (SIO3) and
manganite Lag 7Srp3MnO; (LSMO) were deposited on
monocrystalline substrates of neodymium gallate (110)
NdGaOs;. The epitaxial films were grown by magnetron
sputtering at the substrate temperatures of 770—800°C
in the Ar / O, gas mixture with the total pressure of
0.3—0.5 mbar [4,5].

Investigation of the crystalline structure of obtained het-
erostructures by the X-ray analysis and transmission electron
microscopy showed that the heterostructures were grown
via the ,cube-on-cube” mechanism with the following
epitaxial ratios [5,12]:

(001)81‘11'03 | | (001)La0_7Sr0_3MnO3 | | (1 lO)NdGaO3 .

[100]SrIrOs] |[100]Lag.7Sro sMnOs||[001]NdGaOs.

The transient layer on the SIO3/LSMO interface consisted
of 1—-2 atomic layers, above which the growth of a uniform
film was observed.
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Figure 1. Frequency F dependence of the FMR line width AH for two LSMO films (7, 2) and heterostructure SIO3/LSMO (3). Solid
lines represent linear approximations of experimental data. The inset presents spectrum Sjz(H) of the heterostructure exposed to the
F = 9 GHz microwave radiation. The solid line represents the spectrum approximation with a sum of the Lorenz line (dashed line) and

dispersion characteristic (dot—and—dash line).

The FMR spectrum was determined based on the
magnetic—field dependence of the transmitting microwave
radiation amplitude Sjp(H) in the frequency band
F = 1-20GHz. The S;>(H) spectrum shape (Fig 1, inset)
was approximated with the Lorenz line accounting for
the imaginary component of the ferromagnetic magnetic
susceptibility and with the dispersion characteristic for its
real part [13]. By fitting the experimental data with a
sum of these two components and also with the linear
magnetic field dependence Sj>(H), one can succeed in
determining the resonance field Hy and Lorenz line width
AH. In the experiment, the spin damping is characterized by
parameter AH, while the gyromagnetic ratio p determines
the resonance magnetic field Hg based on the Kittel relations
taking into account the LSMO film magnetization and
magnetic anisotropy.

Fig. 1 demonstrates the AH dependences on the mi-
crowave frequency, which were obtained from the spectra
for the LSMO film and heterostructure. =~ Contrary to
the Ho(F) dependences (Fig. 2), here a rather great
dispersion of measurements is observed even for one
and the same measured sample. The Gilbert spin

damping parameter o and line broadening caused by the
AHp non—uniformity may be determined using relation
AH(F) = 4maF /y + AHp. In this case, other sources of
spin damping are ignored (see, e.g., [14]).

As Fig. 1 shows, parameter « for the LSMO film

arsmo =2.0£0.2-107*
increases due to deposition of SIO3 to
asiozLsmo = 6.7 £ 0.8 - 1074,

The damping magnitude AHo = 6 Oe caused by the fer-
romagnetic inhomogeneities is low and does not signif-
icantly affect the spin current, especially at high (more
than 10 GHz) frequencies. The value of the spin mixing
conductance real part is defined as follows [3,11]:

47M(d
Reglt = —2F (asio3rsmo — aLsmo) (1)

Qous
where up =9.274-10"2'erg/G is the Bohr mag-
neton, go=2 is the free—electron Lande factor,
dr =30nm is the LSMO film thickness, Mg is the
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Figure 2. The FMR resonance field Hy versus microwave frequency F for three structures: the LSMO film (/) and two SIO3/LSMO
heterostructures (2, 3). In both cases, the SIO3 and LSMO thicknesses are 10 and 30 nm, respectively. Measurement errors do not exceed
the sizes of experimental points. Solid lines represent the Ho(F) dependences according to the Kittel formula (2) for a ferromagnetic with
uniaxial anisotropy at the magnetic field aligned with the easy—magnetization axis. The range of the Ho(F) variation is shown in the inset

in the magnified view.

saturation magnetization. The increase in difference
asiosnsmo — aismo for the SIO3/LSMO heterostructure
gives Regli; = (3.6 £0.5) - 10'm~2. Notice that value
Reglt; =1.3-10'® m~2 was obtained in [15] for het-
erostructure SIO3/LSMO fabricated by laser ablation. Ac-
cording to the data given in [16], variation in the SIO3
film thickness from 10 to 40 nm causes the heterostructures
Reglf; variation from 1.3 -10' to 3.6- 10" m~2, respec-
tively, which is close to our value.

Fig. 2 presents the resonance field Hy dependences
on the microwave frequency F for the LSMO film and
two SIO3/LSMO heterostructures in the magnetic field
aligned with the easy—magnetization axis. Measurements
of the room—temperature LSMO film angular dependences
show [5,17] that the cubic anisotropy is negligible, while
magnetization Mo and uniaxial magnetic anisotropy H,
differ slightly from those obtained from dependence Hg(F)

F =p(@aMo+Hy+Ho)*(Ho+Hy)'>  (2)

in the magnetic field aligned with the easy—magnetization
axis. At high frequencies (above 10GHz), the het-
erostructures exhibit a deviation of the Ho(F) dependence
from Ho(F) for the LSMO films (Fig. 2). The deviation
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may be caused by either the My and H, variations in the
heterostructure or by the y variation due to existence of
component Img'! in the heterostructure p (see relation (3)
below). The Fig. 2 inset shows that a decrease in Hg is
observed at a fixed frequency. In order to determine the y
variation caused by depositing SIO3 over the LSMO film,
we have fitted the Ho(F) dependences by relation (2) for
the heterostructures and LSMO films. Here we assumed
that the LSMO film magnetization My = 370 Oe and mag-
netic anisotropy Hy = 11 Oe providing the best agreement
of experimental data with (2) had not changed after the
SIO3 deposition over the LSMO film. Relative variation
6y /vo = 0.036 £ 0.001 caused by the SIO3 deposition over
the LSMO film is determined by Img'! [3,10]:

57/v0 = mg't ()

For the heterostructure presented in Fig. 2, obtain
Img't = (46 +1)-10" m2.

As shown in [6,11,18], Reg'! is defined mainly by
normal—metal parameters: specific resistance and spin
function length. At the same time, Img'! depends on
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the properties of ferromagnetic/normal—metal interface;
thereat, an important role is played by the magnitude of
the spin—orbit interaction and the interface quality [11].
It is possible that the Img'! estimation via formula (3)
is affected by the emergence of magnetization directed
normally to the interface, which was observed in the
manganite/iridate superlattices [19].

Thus, values of the real and imaginary parts of the spin
mixing conductance of the heterostructure boundary which
define the cross—boundary spin current were obtained
based on the results of studying the ferromagnetic reso-
nance in epitaxial heterostructures SrlrOs/Lag7Srg3MnQOs3
in a wide microwave frequency band (1-20GHz). The
imaginary part of spin mixing conductance appeared to
be abnormally high (higher than that in the case of
heterostructures with platinum).
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